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Fig. 1. Schematic representation of the experimental understory light addition. To save 
space, two open lights and one closed light are shown in the same experimental unit. The 
four treatment combinations were “control” (unfertilized, closed lights), “fertilization” (fertilized, 
closed lights), “light” (unfertilized, open lights), and “fertilization + light” (fertilized, open 
lights). For generality these four treatments were applied to four different plant communities 
with each combination replicated twice (n= 4 x 4 x 2 = 32). 
ertilization experiments (1-4) and studies  
of nutrient deposition in terrestrial ecosys- 
tems (5) show that increases in the avail-
ability of nitrogen (5, 6) phosphorus (7) and 
other nutrients, both alone and in combination 
(1, 4), usually increase primary productivity 
and decrease plant diversity. Given that anthro-
pogenic activity has doubled global phosphorus 
liberation and plant available nitrogen during 
the last half century (8, 9), and that nutrient 
inputs are predicted to be one of the three 
major drivers of biodiversity loss this century 
(10), understanding the mechanisms responsi-
ble for diversity loss following eutrophication 
is an important basis for the development of 
effective conservation policies (11).  
Most of the hypotheses proposed to ex-
plain the reduction in plant diversity following 
eutrophication focus on changes in competition 
(12-15). Fertilization may increase the strength 
of competition generally, that is both above and 
below ground (15), or it could increase the 
strength of aboveground competition for light 
only: an asymmetric process due to the direc-
tional supply of this resource (13, 14). The 
hypothesis of increased competition for light 
(14) predicts that as productivity increases, 
availability of light to plants in the understory 
is reduced, leading to their exclusion by faster-
growing or taller species that pre-empt this 
directionally supplied resource (16, 17). Sur-
prisingly, 35 years after these alternative hy-
potheses were suggested, there is no consensus 
on the role of competition as a mechanism of 
plant diversity loss following eutrophication 
(18, 19). 
To test if diversity loss following eutro-
phication is due to increased competition for 
light, we added light to the understory of fertil-
ized grassland communities; a manipulation 
inspired by competition experiments with algae 
(20, 21). A key advance of our approach rela-
tive to earlier work (22) is that it restores light 
to the species in the lower canopy that are 
thought to decrease in diversity due to deeper 
shading following the increase in aboveground 
productivity caused by eutrophication. We 
conducted a glasshouse experiment that com-
bined addition of fertilizer and supplementary 
light in a fully-factorial design. The 32 experi-
mental plant communities were pre-grown in 
the field for four years (23) before they were 
extracted with intact soil blocks and moved to 
the glasshouse. For generality, the communities 
comprised four different sets of six species (23) 
that had similar levels of diversity and, as we 
show, responded similarly to the experimental 
treatments. Light was added to the understory 
of each treated community using a system of 
three fluorescent tubes that were raised as the 
canopy grew (Fig. 1). Reflectors were placed 
above the fluorescent tubes to direct light into 
the understory and to prevent it shining up onto 
the underside of the leaves of the taller species. 
To keep conditions other than light and fer-
tilization as similar as possible, the same sys-
tem of fluorescent tubes was installed in com-
munities without supplementary light but re-
flectors were put above and below the tubes to 
form a closed chamber from which the light 
could not escape. With this system we were 
able to experimentally manipulate light in the 
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understory while holding other conditions 
(such as temperature) constant. Aboveground 
biomass was harvested twice a year during 
2006 and 2007 to coincide with the cutting 
regimes typical of European meadows, and 
other key variables including belowground 
biomass production, canopy height, availability 
of light in the understory, soil pH and plant 
diversity were regularly monitored (24). 
After two years of treatment, fertilization 
had increased net aboveground biomass pro-
duction and decreased diversity (25). During 
the second year, fertilization significantly 
increased production from an average of 356  
39 g m-2 (mean  s.e.m.) per harvest in the 
control communities to 450  39 g m-2 in the 
fertilized treatment (Fig. 2A; Table S1). Light 
in the understory of the fertilized plots (5  
4%) was significantly lower compared with the 
controls (13  4%); (Fig.2B). Notably, when 
increased production was accompanied by 
decreased light in the understory, fertilization 
significantly reduced species richness (Fig. 
2C): on average 2.6 species were lost in the 
fertilization treatment compared with the con-
trol, around ¼ of the original species richness. 
This loss of diversity following eutrophication 
is consistent with longer-term field studies (1, 
5). 
When applied together with fertilization, 
the additional understory light compensated for 
the increased shading caused by the greater 
aboveground biomass production and gener-
ated levels of understory light (12  4%) that 
were indistinguishable from those in the con-
trol plots (13  4%); (Fig. 2B; Table S1). Criti-
cally, supplementing understory light in the 
fertilization treatment to levels similar to the 
control plots prevented the loss of species and 
maintained comparable levels of diversity (Fig. 
2C). This result was general across the four 
different plant communities used in the ex-
periment: the variance component for the dif-
ferent species mixtures only accounted for 10% 
of the total of the summed variance compo-
nents and was non-significant (likelihood ratio 
test: log-likelihood = 1.05; χ2 = 2.10; P = 0.15). 
By mitigating the loss of diversity caused by 
fertilization, this result supports the hypothesis 
that increased competition for light was the 
mechanism responsible for the decline in spe-
cies richness following eutrophication. 
Our communities experienced species 
turnover that resulted from the loss of resident 
species and the gain of new species from the 
seed bank. As in several previous studies (26-
28), the decrease in diversity caused by fertili-
zation was due mainly to a decline in the num-
bers of species gained (Fig. 3) from 3.2 in the 
controls to 1.6 in the fertilized plots (Table S2). 
This result was also consistent across the four 
non-overlapping communities used in our 
experiment: the variance component for the 
different species mixtures only accounted for 
2.5% of the total of the summed variance com-
ponents and was non-significant (likelihood 
ratio test: log-likelihood = 0.81; χ2 = 1.61; P = 
0.20). There was a marginally significant bias 
against the establishment of short-statured 
perennial grasses and forbs but the overall 
response was not driven by particular species 
(25). 
 
Our understory light addition treatment 
also had consequences for ecosystem function-
ing. Net aboveground biomass production in 
the controls was limited by nutrients (although 
we cannot exclude light limitation of the taller 
species too) since it was increased by fertiliza-
tion (Fig. 2A, Table S1). Without fertilization 
the productivity of plants in the understory was 
not light limited since when applied to unfertil-
ized communities supplementary light had no 
effect (Fig. 2A). However, the productivity of 
plants in the understory of the fertilization 
treatment was light limited since in fertilized 
communities the additional light increased 
average net aboveground production per har-
vest to 575  39 g m-2 (Fig. 2A). These re-
sponses suggest co-limitation of productivity 
by light and nutrients where the taller species 
are nutrient limited while understory species in 
the fertilization treatment are light limited. 
More generally, our results suggest that pro-
ductivity of the upper canopy and understory 
can be limited by different factors due to the 
directional supply of light. 
Species loss could be due to increased 
competition both above- and belowground 
(15). To address this, in the second year of the 
glasshouse experiment we added seedlings of 
two species not originally present to the 32 
experimental communities to measure the 
strength of belowground competition. Trans-
planted seedlings planted in plastic tubes to 
reduce belowground competition were com-
pared with seedlings exposed to full root com-
petition. The results were also consistent with 
competition for light as the main mechanism of 
diversity loss: when grown without root exclu-
sion tubes (that is, with belowground competi-
tion), seedling mortality (as a proportion) 
strongly increased with nutrient addition from 
0.29 to 0.87, but was comparable to control 
plots when fertilization occurred together with 
understory lighting (Fig. 4; Table S3A). The 
results provided no support for a role of below-
ground competition in the loss of biodiversity 
(Table S4): removing belowground competi-
tion from fertilized plots had no detectable 
Fig. 2. Effects of fertilization and supplementary 
understory light on grassland diversity and 
functioning. (A). Average aboveground plant 
biomass per harvest in 2007. Addition of fertil-
izer and fertilizer-plus-light significantly in-
creased above-ground biomass. (B). Light in 
2007 measured as PAR (photosynthetically 
active radiation). Increased aboveground bio-
mass significantly reduced light availability in the 
understory unless compensated by experimental 
illumination to levels comparable to control plots. 
(C). Species richness between 2006 and 2007. 
Fertilization significantly reduced species rich-
ness unless prevented by the addition of sup-
plementary light to the understory. Points denote 
treatment means and the intervals show least 
sig nificant differences (treatments with non-overlapping intervals are significantly different at P = 
0.05). 
Fig. 3. Species turnover. Decreased diversity in 
fertilized plots was mainly caused by reduced 
numbers of species gained. Results are shown 
as in Fig. 2. 
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impact on seedling mortality (Table S3B) or 
seedling biomass (change in biomass = 0.3 g, 
95% CI = -1.0 – 1.4). 
Fig. 4. Seedling mortality. Fertilization signifi-
cantly increased seedling mortality. Removing 
belowground competition had little impact on 
seedling mortality, which suggests that competi-
tion for soil resources plays no detectable role in 
diversity loss. Results are shown as in Fig. 2. 
While other processes can also contribute 
to diversity loss there was no evidence that 
they were important in our study. Fertilization 
can reduce grassland diversity through acidifi-
cation (2) or through the accumulation of plant 
litter (26, 27, 29, 30). However, we found no 
detectable differences in pH following fertiliza-
tion (Fig. S1; Table S5). There was also little 
build-up of litter during our experiment sug-
gesting that the negative effects of increased 
aboveground productivity might have strength-
ened in the longer term if litter accumulation 
had occurred. 
Together, our results are consistent with 
increased competition for light as a major 
mechanism of diversity loss following eutro-
phication of grassland communities. Fertiliza-
tion increased productivity and canopy height, 
and reduced light in the understory. This led to 
a reduction in diversity, particularly of low-
statured perennial grasses and forbs, mainly 
through reduced recruitment. While other 
mechanisms also cause loss of plant diversity 
they played no detectable role in our case. 
Critically, supplementing levels of understory 
light in fertilized communities reduced compe-
tition for light, sustained seedling establish-
ment and maintained plant diversity despite the 
additional nutrient inputs. Some earlier studies 
(31) have demonstrated the importance of 
competition for light indirectly by tying back 
the vegetation. Our results advance a long 
running debate in community ecology by pro-
viding a direct experimental demonstration of 
the importance of asymmetric competition for 
light as a mechanism of plant diversity loss. 
More generally, our work explains and empha-
sizes the need to develop conservation policies 
and management procedures that prevent eu-
trophication if biodiversity is to be conserved 
(32). 
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Supporting Material 
Materials and Methods 
Experimental design. We used 
pre-established 4 year old commu-
nities from an existing experiment 
(S1). For generality, the communi-
ties consisted of four different 6-
species mixtures containing 
grasses, legumes and forbs (Table 
S6). In September 2005, 32 soil-
plant communities, each 60 x 40 x 
27 cm were extracted from this 
field and transferred to an experi-
mental glasshouse. Weeding of the 
unsown species ensured that the 
maximum richness at the time of 
extraction was 6 species and the 
realized richness of the 4 communi-
ties ranged between 3.1 ± 0.83 and 
5.9 ± 0.35 species (mean ± s.d.). 
Plant communities with intact soil 
blocks were placed in plastic boxes 
with perforated bottoms. Commu-
nities were insulated with expanded 
polystyrene and installed in the 
garden of the University of Zurich 
for the winters between 2005/2006 
and between 2006/2007. In April 
2006, communities were trans-
ferred to a shaded compartment of 
an experimental glasshouse of the 
University of Zurich (43°23’N, 
8°33’E, altitude 549 m a.s.l.). 
Communities were watered daily 
throughout the growing season to 
keep them moist and were not 
weeded. After weeding stopped, 
recruitment of species from the 
seed bank increased diversity to an 
average of 7.7 (s.d. = 2.0) species 
per 0.24 m2 in 2006 before treat-
ment effects emerged in 2007 and 
reduced the richness of fertilized 
communities. Each of the 32 com-
munities was harvested twice a 
year for two years to coincide with 
the cutting typical of European 
meadows. Beginning in April 2006, 
we applied a fully-factorial combi-
nation of nutrient addition and sup-
plementary understory illumination 
(both either applied or not applied) 
for two years. The four treatment 
combinations applied to four dif-
ferent species mixtures, each repli-
cated twice, produced 32 experi-
mental units in total.  
Fertilization. In order to repro-
duce the loss of plant species diver-
sity that usually  follows fertiliza-
tion in the field, we applied a mix-
ture of nutrient commonly used in 
agriculture in Switzerland (follow-
ing http://www.landor.ch/fra/3960. 
aspx?artNr=16612). Fertilizer was 
supplied in dry form in 4 applica-
tions over the growing season at 
rates (g per m2 per year) of 15 N, 
3.5 P and a cation mix of 6 K, 1.5 
Mg, 2.25 Na and 2.25 S (Nitrol-
plus, Landi, Switzerland) in 2006. 
Because this only marginally in-
creased biomass, in 2007 fertiliza-
tion was increased to 20 N, 5 P and 
a cation mix of 8 K, 2 Mg, 3 Na 
and 3 S. N was supplied as NH4 
and NO3 in equal proportions, P as 
P2O5, K as KCl and Mg and S as 
MgCO3 and MgSO4. 
Light addition to the under-
story. Understory illumination was 
applied continuously with three 
parallel fluorescent tubes and re-
flectors placed in parallel and hori-
zontally above each community at 
an average height of 15 cm over the 
soil. The fluorescent tubes (24 W, 
6500 K, T5 HO, OSRAM, Winter-
thur, Switzerland) were 55 cm long 
and 1.6 cm diameter and produced 
a light spectrum close to that of the 
main glasshouse lamps which were 
specialized for plant growth (400 
W, 6500 K, Metal Halide Retrofit 
from Mercury). We surrounded the 
supplementary lighting units with a 
metal grid (1 cm mesh) and a plas-
tic wrap to prevent contact of 
plants with the fluorescent tubes. 
The increase in temperature (0.9 
°C, s.d. = 0.6) due to the additional 
light was relatively small and there 
was no significant difference in the 
temperature around the fluorescent 
tubes between treatments with and 
without understory light (Fig. S2; 
Table S7, 95% CI = -0.3 – 0.4), 
that is between the open and closed 
fluorescent tubes; thus controlling 
for any potential effects of in-
creased temperature by equalizing 
it across treatments. To protect the 
vegetation, all reflectors were cov-
ered with foam (0.5 cm thick). 
Moreover, eight rotating fans were 
placed regularly in the glasshouse 
to disperse the heat throughout the 
climate-controlled compartment. 
Both the glasshouse light and the 
supplementary understory light 
were on a 14 hour regime. To 
mimic surrounding vegetation, 
skirts of 63% shading clothes were 
placed around all communities and 
raised to keep pace with the canopy 
growth (2007 only).  
Measurements. We measured 
aboveground plant biomass produc-
tion and species composition at 
peak biomass in early June and 
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September 2006 and 2007 by clip-
ping the entire communities at a 
height of 2 cm, sorting to species, 
drying to constant mass in ovens 
and weighing. The annual above-
ground net primary productivity of 
plant communities within our ex-
perimental glasshouse ranged from 
305 to 1501 g m-2, which is in the 
range of those observed for Euro-
pean grasslands (150 to >1500 g m-
2) (S2). A species was considered 
lost from a plot if it was present in 
a harvest in 2006 but absent in the 
same harvest in 2007 and gained if 
it was absent in 2006 but present in 
2007. Species were classified into 6 
groups as being either annual or 
perennial grasses, legumes or forbs, 
and into 4 groups according to 
whether their canopies were basal 
or leafy and taller or shorter than 
30 cm. Species gains and losses 
were calculated per group by 
comparing the composition of each 
plot in 2006 vs 2007. The percent-
age of transmitted photosyntheti-
cally active radiation (PAR) reach-
ing the soil surface was measured 
before cutting using a ceptometer 
(Sunscan, Delta-T Devices, Cam-
bridge, UK) taking 3 replicate read-
ings across each plot. In 2007, we 
used root-ingrowth cores (PVC 
drilled tube of 5 cm diameter and 
25 cm deep (S3) buried at an angle 
of 45° in the soil of each commu-
nity to estimate belowground root 
productivity. Ingrowth cores were 
filled with root-free soil sieved (1 
cm mesh) during the collection of 
communities and stored at 4°C. At 
both peak growth and peak 
biomass, cores were extracted and 
roots were separated (sieve, 1 mm 
mesh), washed to remove soil 
residue, dried and weighed. In 
2007, soil samples were collected 
at both peak growth and peak 
biomass, sieved (1 mm mesh) and 
analyzed for pH (Labor für Boden- 
und Umweltanalytik, Thun, 
Switzerland). 
 
Transplanted seedlings. Two-
week old seedlings of Rumex ace-
tosella and Plantago media were 
transplanted at the beginning of 
April and middle of June 2007 (fol-
lowing harvest) and grown with or 
without belowground interspecific 
competition. Planting holes were 
filled with root-free soil. Seedling 
mortality was recorded before 
communities clipping. 
Analysis. We used generalized 
linear mixed-effects models (S4) 
since our design includes fixed and 
random effects and our responses 
include variables with normal and 
non-normal error distributions. 
Generalized linear mixed-effects 
models (GLMMs) (S5-S8) are gen-
eralized linear model that include 
random effects. The GLMM analy-
ses were implemented, using re-
stricted maximum likelihood, with 
the lmer function from the lme4 
library (S5) for R 2.8.0 (S8). In the 
text we present estimates of the 
means from the GLMMs with their 
standard errors and in the graphs 
estimates are given with interval 
bars to indicate least significant 
differences (l.s.d.) at P = 0.05 
(treatments with non-overlapping 
intervals are significantly differ-
ent). Data that were analysed using 
normal error distribution included 
productivity, light levels, changes 
in diversity, canopy height, root-
shoot ratios and pH. Data with non-
normal error distributions included 
seedling mortality, which was ana-
lysed with a binomial error distri-
bution, and species turnover, which 
was analysed with a Poisson error 
distribution. For the analysis of the 
main fertilization and light addition 
factorial design, the fertilization 
and light treatments were treated as 
fixed effects, and species pools, 
plots (the 32 individual soil-plant 
communities) and harvests (two 
repeated measures per plot within a 
given year, with years analysed 
separately) were treated as random 
effects. In the analysis of the per-
formance of the transplanted seed-
lings, the fertilization, light addi-
tion and root exclusion tube treat-
ments were treated as fixed effects 
and species pools, plots, harvests 
and species identity of the trans-
planted seedlings were treated as 
random effects. Random effects for 
the interaction between species 
pools and the fertilization and light 
treatments were very small and 
non-significant and were excluded 
during the model building process. 
Supporting text 
First year result In the first 
year of our experiment nutrient 
addition increased above-ground 
production marginally from 427 ± 
162 g m-2 per harvest (mean ± 
s.e.m.) for the control communities 
to 496 ± 162 g m-2 for the fertilized 
treatment (Table S1). Levels of 
light in the understory of the fertil-
ized plots (12  8%) were similar 
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to the control plots (13  8%) with 
no significant difference between 
the two (Table S1). This was 
probably due to a lack of surround-
ing vegetation which allowed the 
vegetation to spread out and light 
to penetrate into the experimental 
communities from the side. Levels 
of diversity in the fertilized plots 
(7.6  1.1) were also very similar to 
those in the control communities 
(7.1  1.1) with no significant 
change despite the increased levels 
of productivity (Table S1), which 
we hypothesized was probably due 
to the failure of the fertilization 
treatment to reduce light availabil-
ity in the understory during the first 
year. 
Species traits and species loss 
The decline in species richness in 
the nutrient addition treatment was 
mainly due to reduced gains of 
perennial grass species (95% CI =    
-1.2 – 0.05) and perennial forbs 
(95% CI = -2.3 – 0.09) that were 
both marginally significant. Gains 
and losses of annual grasses, an-
nual forbs and annual and perennial 
legumes were independent of pro-
ductivity. Plants with basal leaves 
and lower than 30 cm in height also 
had marginally significantly re-
duced gains in the fertilized treat-
ment relative to the control (95% 
CI = -0.1 – 1.2). Hence, most of the 
changes in species richness with 
nutrient addition were driven by 
lower colonization (including from 
seed bank) of low-growing species 
of perennial grasses and forbs, 
while exclusion of established spe-
cies was not affected. 
The role of belowground com-
petition: root-shoot ratios The 
results provided no support for a 
role of belowground competition in 
the loss of biodiversity: removing 
belowground competition from 
fertilized plots had no impact on 
seedling mortality. Lack of effects 
of fertilization on community root-
shoot ratio, which is presumably 
related to of the strength of below-
ground competition, supports this 
observation (Fig. S3). 
 
Supporting figures 
 
Figure S1. Effects of fertilization and 
supplementary understory light on pH in 2007. 
There was little variation in pH and no de-
tectable differences following fertilization. 
Results are shown as means ± l.s.d. 
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Figure S2. 
Effects of the 
supplementary 
understory light 
treatment 
(with/without 
understory light) 
on the tem-
perature around 
the lamps. Solid 
lines are 
regression slopes 
and dotted lines 
represent the 95% 
CI for the re-
gression lines. 
 
 
 
Figure S3. Effects of fertilization and 
supplementary understory light on 
biomass allocation in 2007. Additional 
light increased root allocation. Results are 
shown as means ± l.s.d. 
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Supporting tables 
Table S1. Effect (productivity, percentage of transmitted light at ground level (PAR) in 2006 and in 2007, spe-
cies richness in 2006, and changes in species number between 2006 and 2007) of experimental fertilization and 
supplementary understory light. Results are shown as mean and 95% CI. 
2006 Productivity PAR Species richness in 2006 
Source Effect  2.5% 97.5% Effect 2.5% 97.5% Effect  2.5% 97.5% 
Control 427   13   7.1   
Fertilization 69 -10 146 -1 -10 7 0.5 -0.8 1.6 
Light -21 -96 60 2 -6 10 1.1 -0.1 2.4 
Fertilization + 
Light 
77 -4 153 2 -6 10 1.0 -0.2 2.3 
 
2007 Productivity PAR Change in species richness 
between 2006 and 2007 
Source Effect  2.5% 97.5% Effect 2.5% 97.5% Effect  2.5% 97.5% 
Control 356   13   0.3   
Fertilization 94 22 166 -8 -16 -0.5 -2.6 -4.4 -0.6 
Light 30 -43 103 8 0.5 16 0.1 -1.78 2.0 
Fertilization + 
Light 
219 147 291 -1 -9 6 0.5 -1.4 2.4 
The effects are reported as the value for the control and the differences (in italics) between control and the other treatments. 
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Table S2. Effect (species gained and lost between 2006 and 2007) of experimental fertilization and supplemen-
tary understory light. Results are shown as mean and 95% CI. 
 Gain Loss 
Source Effect  2.5% 97.5% Effect  2.5% 97.5% 
Control 1.2   1.1   
Fertilization -0.7 -1.2 -0.2 0.3 -0.1 0.6 
Light 0.3 -0.1 0.6 0.2 -0.1 0.6 
Fertilization + 
Light 
0.1 -0.3 0.5 -0.1 -0.5 0.3 
The effects are reported as the value for the control and the differences (in italics) between control and the other treatments.
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Table S3. Effect (mortality of transplanted seedling) A. Of experimental fertilization and supplemen-
tary understory light without root exclusion tube in 2007. B. Of experimental fertilization without or 
without root exclusion tube in 2007. Results are shown as mean and 95% CI. 
A.  Seedling mortality 
Source Root exclusion 
tube 
Effect  2.5% 97.5% 
Control No tube -0.9   
Fertilization No tube 2.8 1.3 3.5 
Light No tube -1.1 -2.6 0.1 
Fertilization*Light No tube 0.5 -0.5 1.3 
The effects are reported as the value for the control and the differences (in italics) between control and the other treat-
ments. 
B.  Seedling mortality 
Source Root exclusion 
tube 
Effect  2.5% 97.5% 
Fertlization Tube 2.2   
Fertlization No tube -0.3 -1.7 1.2 
The effects are reported as the mean of seedling mortality with root exclusion tube and the difference (in italic) between 
the mean of seedling mortality with root exclusion tube and the mean of seedling mortality without root exclusion tube. 
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Table S4. Transplanted seedling mortality: model comparison for the two alternative hypotheses. 
Table shows the output from the GLMM statistical analysis giving likelihood ratio tests, information 
criteria values (AIC), model probabilities (ωi) and evidence ratios (E) comparing the models using the 
AIC (AICc produces qualitatively identical results). There was no main effect of the root exclusion 
tube (below) or interaction with the fertilization treatment and hence no support for a role of below-
ground competition in diversity loss following fertilization.  
         
Model Df AIC logLik Chisq Chi Df P ωi E 
Intercept 5 293 -142       0.000 327747.9 
Fert 6 286 -137 9.5 1 0.0021 0.000 7903.0 
Fert + Light 7 268 -127 20.0 1 <0.0001 1.000 1.0 
Fert + Light + Tube 8 269 -126 1.3 1 0.25 0.418 1.4 
 
 
 
Table S5. Effect (pH measured in 2007) of experimental fertilization and supplementary understory 
light. Results are shown as mean and 95% CI. 
2006 pH 
Source Effect  2.5% 97.5% 
Control 7.23   
Fertilization -0.07 -0.15 0.02 
Light 0.02 -0.07 0.11 
Fertilization + 
Light 
-0.04 -0.13 0.05 
The effects are reported as the value for the control and the differences (in italics) between control and the other treat-
ments. 
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Table S6. Species occurring for each treatment of the four different species mixtures (pool 1 - 4). In 
bold, species that were originally in the pre-established 6-species mixture pool. In parenthesis, the 
species that were lost or gained between 2006 and 2007 are represented by + and – respectively for 
each replicate. The species that were present in both years are represented by 0 (no change) and the 
species that were absent in both years from one of the replicates are represented by x. Nomenclature 
follows Flora Helvetica (S9). 
  Species name 
Treatment Pool 1 Pool 2 Pool 3 Pool 4
Arrhenatherum elatius (0,0) Alopecurus pratensis (+,x) Achillea millefolium (-,x) Achillea millefolium (-,-)
Crepis biennis (+,x) Anagallis arvensis (+,x) Anagallis arvensis (x,-) Crepis biennis (-,-)
Festuca pratensis (0,-) Centaurea jacea (0,0) Arrhenatherum elatius (x,+) Dactylis glomerata (0,0)
Festuca rubra (-,0) Dactylis glomerata (+,x) Cerastium fontanum (x,+) Festuca pratensis (0,-)
Gallium mollugo (0,0) Festuca rubra (+,x) Conyza canadensis (x,-) Gallium mollugo (-,x)
Geranium pratense (x,0) Knautia arvensis (0,-) Festuca pratensis (x,-) Geranium pratense (0,0)
Lolium perenne (-,-) Lolium perenne (x,+) Holcus lanatus (0,x) Lactuca serriola (x,-)
Medicago lupulina (-,x) Lychnis flos-cuculi (+,x) Lactuca serriola (x,-) Lathyrus pratensis (x,-)
Plantago major (x,+) Medicago lupulina (0,0) Lamium purpureum (x,+) Lolium perenne (x,+)
Poa pratensis (+,-) Myosotis arvensis (0,-) Lolium perenne (0,+) Medicago lupulina (-,x)
Poa Trivialis (x,+) Phleum pratense (x,-) Lychnis flos-cuculi (0,0) Phleum pratense (x,-)
Polygonum aviculare (x,-) Plantago lanceolata (-,0) Medicago lupulina (+,x) Poa pratensis (+,-)
Rumex acetosa (+,x) Poa pratensis (0,0) Poa pratensis (-,x) Poa Trivialis (-,+)
Taraxacum officinale (-,-) Poa Trivialis (x,+) Taraxacum officinale (x,0) Setaria viridis (x,+)
Trisetum flavescens (+,+) Silene nutans (x,+) Trisetum flavescens (0,0) Taraxacum officinale (0,+)
Trifolium pratense (0,0) Taraxacum officinale (0,0) Trifolium pratense (x,0) Trifolium repens (+,x)
  Trisetum flavescens (+,0) Trifolium repens (-,-) Veronica persica (x,0)
  Trifolium pratense (x,+) Veronica persica (-,0) Vicia cracca (0,0)
Control 
  Veronica persica (x,0)   
Achillea millefolium (-,x) Centaurea jacea (0,-) Alopecurus pratensis (x,+) Achillea millefolium (-,-)
Arrhenatherum elatius (0,0) Cerastium fontanum (-,x) Anagallis arvensis (+,x) Arrhenatherum elatius (-,x)
Festuca pratensis (x,-) Dactylis glomerata (-,x) Cerastium fontanum (x,-) Crepis biennis (-,-)
Festuca rubra (+,0) Festuca pratensis (-,x) Festuca pratensis (x,-) Dactylis glomerata (0,0)
Gallium mollugo (0,0) Gallium mollugo (x,-) Holcus lanatus (-,0) Festuca pratensis (0,-)
Geranium pratense (x,0) Knautia arvensis (-,-) Lamium purpureum (+,x) Geranium pratense (0,0)
Lolium perenne (x,-) Lolium perenne (x,+) Lepidium campestre (+.x) Lactuca serriola (x,-)
Medicago lupulina (x,-) Lychnis flos-cuculi (-,-) Lolium perenne (+,0) Lolium perenne (x,+)
Poa pratensis (-,-) Medicago lupulina (0,0) Lychnis flos-cuculi (0,0) Poa pratensis (-,+)
Poa Trivialis (+,x) Myosotis arvensis (0,-) Papaver rhoeas (-,x) Poa Trivialis (+,-)
Sonchus asper (x,-) Plantago lanceolata (x,-) Phleum pratense (x,-) Taraxacum officinale (0,-)
Taraxacum officinale (-,-) Poa pratensis (0,0) Poa pratensis (x,-) Veronica persica (x,-)
Trisetum flavescens (0,+) Poa Trivialis (+,+) Rumex acetosa (0,x) Vicia cracca (0,0)
Trifolium pratense (0,0) Sonchus asper (x,+) Silene nutans (+,x)
Veronica persica (-,-) Taraxacum officinale (0,0) Taraxacum officinale (-,-)
  Trifolium pratense (x,+) Trisetum flavescens (-,0)
  Veronica persica (x,0) Trifolium pratense (x,0)
    Trifolium repens (-,x)
Fertilization 
    Veronica persica (-,x)
Arrhenatherum elatius (0,0) Centaurea jacea (0,0) Anagallis arvensis (-,-) Achillea millefolium (-,-)
Festuca pratensis (0,x) Conyza canadensis (-,x) Arrhenatherum elatius (x,+) Anagallis arvensis (x,+)
Festuca rubra (0,+) Dactylis glomerata (x,-) Cerastium fontanum (+,x) Cerastium fontanum (-,x)
Gallium mollugo (0,0) Festuca pratensis (x,+) Cirsium arvense (-,x) Crepis biennis (-,-)
Geranium pratense (x,0) Gallium mollugo (-,+) Conyza canadensis (-,-) Dactylis glomerata (0,0)
Knautia arvensis (+,x) Knautia arvensis (0,-) Festuca pratensis (-,x) Festuca pratensis (0,-)
Lolium perenne (-,x) Lolium perenne (x,+) Gallium mollugo (+,x) Geranium pratense (0,0)
Medicago lupulina (0,x) Lychnis flos-cuculi (+,+) Holcus lanatus (x,0) Lactuca serriola (x,-)
Plantago lanceolata (x,+) Medicago lupulina (0,0) Lamium purpureum (-,+) Lamium purpureum (x,-)
Poa pratensis (+,x) Myosotis arvensis (0,x) Lolium perenne (+,+) Lolium perenne (x,+)
Poa Trivialis (x,+) Phleum pratense (-,x) Lychnis flos-cuculi (0,0) Medicago lupulina (0,-)
Rumex acetosa (x,+) Plantago lanceolata (+,+) Medicago lupulina (-,+) Poa pratensis (-,+)
Silene nutans (+,x) Plantago major (+,x) Papaver rhoeas (-,x) Poa Trivialis (+,-)
Taraxacum officinale (-,0) Poa pratensis (0,0) Phleum pratense (x,-) Silene nutans (x,+)
Trisetum flavescens (+,+) Poa Trivialis (+,+) Plantago lanceolata (+,x) Taraxacum officinale (0,0)
Trifolium pratense (0,0) Setaria viridis (x,+) Plantago major (x,+) Veronica persica (x,0)
Veronica persica (0,-) Taraxacum officinale (0,0) Poa pratensis (-,-) Vicia cracca (0,0)
  Trisetum flavescens (x,0) Rumex acetosa (+,x)
  Trifolium pratense (x,0) Setaria viridis (x,+)
  Veronica persica (-,0) Sonchus asper (-,x)
    Taraxacum officinale (-,+)
   Tragopogon pratensis (-,x)
    Trisetum flavescens (-,0)
    Trifolium pratense (-,0)
    Trifolium repens (x,-)
    Veronica persica (0,0)
Light 
    Viola arvensis (-,x)
Achillea millefolium (+,x) Centaurea jacea (0,0) Alopecurus pratensis (+,+) Achillea millefolium (0,-)
Arrhenatherum elatius (0,0) Conyza canadensis (x,+) Anagallis arvensis (-,-) Crepis biennis (-,-)
Festuca pratensis (x,-) Dactylis glomerata (0,x) Arrhenatherum elatius (+,0) Dactylis glomerata (0,0)
Festuca rubra (-,-) Festuca pratensis (x,0) Conyza canadensis (-,x) Festuca pratensis (-,-)
Gallium mollugo (0,0) Festuca rubra (x,+) Festuca pratensis (0,+) Gallium mollugo (+,x)
Geranium pratense (x,0) Holcus lanatus (x,+) Holcus lanatus (0,0) Geranium pratense (0,0)
Leucanthemum vulgare (-,x) Knautia arvensis (-,-) Lamium purpureum (0,x) Knautia arvensis (+,x)
Lolium perenne (0,-) Lolium perenne (x,0) Lolium perenne (0,0) Lolium perenne (0,0)
Medicago lupulina (-,x) Lychnis flos-cuculi (+,-) Lychnis flos-cuculi (0,0) Medicago lupulina (0,x)
Poa pratensis (0,x) Medicago lupulina (0,0) Phleum pratense (x,-) Poa pratensis (0,-)
Poa Trivialis (x,+) Myosotis arvensis (0,x) Plantago lanceolata (+,x) Poa Trivialis (+,+)
Taraxacum officinale (-,0) Phleum pratense (-,-) Poa pratensis (-,-) Setaria viridis (+,x)
Trisetum flavescens (+,+) Plantago lanceolata (0,+) Polygonum aviculare (x,-) Taraxacum officinale (0,0)
Trifolium pratense (0,0) Poa pratensis (0,0) Rumex acetosella (-,x) Veronica persica (x,0)
Veronica persica (-,0) Poa Trivialis (x,+) Setaria viridis (x,+) Vicia cracca (0,0)
  Silene nutans (+,x) Silene nutans (x,+)
 Taraxacum officinale (0,0) Taraxacum officinale (-,+)
  Trisetum flavescens (0,x) Trisetum flavescens (0,0)
  Veronica persica (-,-) Trifolium pratense (x,0)
Fertilization 
+ Light 
    Veronica persica (0,0)
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Table S7. Linear model results of the response of temperature to the distance from the lamp (cm) and 
the two levels of understory light treatment in the experimental glasshouse at University of Zurich in 
2007. The intercept is the temperature of the lamp in the closed light treatment. Enclosed lights 
increased temperature by the same amount as open lights. Results are shown as mean and 95% CI. 
 Temperature 
Source Effect 2.5% 97.5% 
Intercept 23.7   
Distance -0.1 -0.2 -0.1 
Light 0.1 -0.3 0.4 
Distance*Light 0.1 -0.1 0.1 
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